highly successful invader of diverse plant communities since its introduction from Europe or Asia to southwestern Oregon late in the nineteenth century (McKell et al., 1962; Turner et al., 1963 low sagebrush, perennial grass, and forb cover, all being negatively related to medusahead cover. Once medusahead gains a foothold in the community, the risk of wildfire and the destruction of shrub cover is greatly increased because of the accumulation of flammable fuel. Our purposes were to test the relations between low sagebrush, perennial grass, or forb cover to medusahead invasion, and to determine if the herbicide Z-chloro-4-ethylamino-6-isopropylamino-s-triazine (atrazine) could be employed to prevent spread of medusahead in these communities.
Methods
We chose a modal low sagebrush community located near Adin, California.
The area is locally known as Fly-Blown-Flat.
The study area was located on a triangle of unfenced public land heavily grazed by cattle. In the area of the investigation the annual grasses are largely restricted to areas of rodent disturbance, and pockets of vertisol clay with scant native vegetation.
Fly-Blown-Flat has a slight gilgai micro-relief.
The mollic epipedon is a clay-loam and grades into a heavy clay argillic horizon. Below the clay is very indurate duripan. Soil depth to the pan ranges from 12 inches on the mounds to nothing in some of the swales.
The mean annual precipitation at Adin, 3 miles from the study area, is 18 inches.
With a predominance of winter precipitation typical of the Intermountain West, Fly-Blown-Flat is a quagmire in the early spring and baked to a cracked brick consistency by late summer. To fracture the structure of the community and to reduce it to a seral stage, we applied 2 lb./acre of propylene glycol butyl ether esters of (2,4-dichlorophenoxy)acetic acid (2,4-D) sprayed four inside and four plots outside the exclosure with 1 lb./ acre of atrazine.
The treatments were applied in 10 gal/acre of water. The same treatments were established in May and October of 1968 and 1969 . Each year (1967 through 1970 , at maturity of the annual grasses, we clipped a l-meter-square plot in each treatment. The projected herbage cover of the component herbaceous vegetation was estimated on each of these plots before clipping. Low sagebrush cover was estimated on the entire treatment area. The herbaceous vegetation was frequently sampled by using the steppoint method of Evans and Love (1957) .
Results
The application of the herbicides and the initiation of the grazing treatments in 1967 induced a series of changes in the low sagebrush community. A comparison of these changes that have occurred by 1970 are presented. We suppressed succession with some of the treatments and they have and probably will continue to respond dynamically. The treatments initiated in 1968 and 1969 have induced the same pattern of changes in the community. In the interest of brevity we will present only the data with the longest time base.
The 2,4-D treatment in 1967, and all subsequent years, was almost completely effective in destroying the low sagebrush cover (Table 1) . Cover of perennial grasses increased on all treatments where low sagebrush was removed except for grazed plots receiving the atrazine treatment. In 1970, on plots treated with 2,4-D and atrazine in 1967 and subsequently heavily grazed, the cover of annual grasses had increased. Change in the cover of perennial forbs was small and not statistically significant.
Removal of low sagebrush and protection from grazing resulted in about a three-fold increase in herbage yield over that obtained on the unsprayed and grazed area (Table  1) . Production was the same on nongrazed 2,4-D treated plots whether atrazine was applied or not. Herbage yield of grazed plots where atrazine and 2,4-D were applied was markedly higher than the yield obtained from the 2,4-D treated and grazed treatments. Three years of non-use did not significantly increase herbage production on control treatments where the low sagebrush was not destroyed by 2,4-D.
Much of the herbage yield of the grazed plots treated with 2,4-D and atrazine was composed of medusahead. The frequency as well as yield and cover of annual grasses, was markedly higher on these treatments (Table 2 ). On the nongrazed-2,4-D-treated and 2,4-D and atrazinetreated plots, the frequency of annual grasses was much lower than on control plots.
The frequency of squirreltail increased on all plots where the low sagebrush cover was removed (Table  2) . Atrazine treatments did not alter this increase in either the grazed or nongrazed condition. Squirrel tail did not significantly increase in frequency with 3 years of non-use with an intact cover of low sagebrush.
In contrast, Sandberg bluegrass markedly increased in frequency under these conditions. The p Previous investigation involved 65 stands extending 100 miles north and south of the present study site (Young and Evans, 1970) . b r is the correlation coefficient; a is the y intercept; and b is the regression coefficient.
Symbols: ** and # indicate significance at the 0.01 and 0.05 levels of probability, respectively.
cially evident on Sandberg bluegrass plants growing in swale areas where soil depth to the indurate pan was at a minimum. The grazed, atrazine-treated perennials failed to reproduce in 1968. Symptoms of atrazine injury were hardly evident in perennial grasses on the nongrazed treatments and caryopses production was heavy.
In 1969, following the year of atrazine activity, medusahead greatly increased on grazed plots, but only an occasional plant of this species was folund in the nongrazed plots (Fig. 1) . Total perennial grass cover remained relatively stable on the grazed plots following the year of atrazine activity. However, frequency sampling indicated that Sandberg bluegrass was replaced by squirreltail on these plots. In contrast, following the year of atrazine activity, perennial grass cover greatly increased on the nongrazed plots.
There is close agreement between the correlation coefficients and partial regression equations for the relation between low sagebrush cover and medusahead cover developed by our previous synecological investigation and by this artificially manipulated community (Table 3) . Similar trends are also apparent for the relation between perennial grass or forb cover and medusahead cover. For the two latter characteristics the mean cover for Fly-Blown-Flat was lower than the means obtained from the extensive synecological study.
Summary and Discussion
As long as the shrub cover remains, low sagebrush communities are relatively resistant to invasion by medusahead.
Removal of the shrub cover with 2,4-D does not necessarily lead to an increase in medusahead if the perennial grasses quickly make use of the released environmental potential. In this study, the perennial grasses suppressed any marked increase in medusahead even when continuous heavy grazing followed removal of the brush.
Applications of 1 lb./acre of atrazine eliminated all annual vegetation the year following application. On heavily grazed plots treated with 2,4-D and atrazine, there was severe injury to the native perennial grasses followed by an increase of medusahead. In contrast, on nongrazed plots, the atrazine treatment significantly increased perennial grasses, with only an occasional medusahead plant present.
